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Effort-based decision making has strong conceptual links to 
the motivational disturbances that define a key subdomain of 
negative symptoms. However, the extent to which effort-based 
decision-making performance relates to negative symptoms, 
and other clinical and functionally important variables has yet 
to be systematically investigated. In 94 clinically stable outpa-
tients with schizophrenia, we examined the external validity 
of 5 effort-based paradigms, including the Effort Expenditure 
for Rewards, Balloon Effort, Grip Strength Effort, Deck 
Choice Effort, and Perceptual Effort tasks. These tasks cov-
ered 3 types of effort: physical, cognitive, and perceptual. 
Correlations between effort related performance and 6 classes 
of variables were examined, including: (1) negative symptoms, 
(2) clinically rated motivation and community role function-
ing, (3) self-reported motivational traits, (4) neurocognition, 
(5) other psychiatric symptoms and clinical/demographic 
characteristics, and (6) subjective valuation of monetary 
rewards. Effort paradigms showed small to medium relation-
ships to clinical ratings of negative symptoms, motivation, 
and functioning, with the pattern more consistent for some 
measures than others. They also showed small to medium 
relations with neurocognitive functioning, but were generally 
unrelated to other psychiatric symptoms, self-reported traits, 
antipsychotic medications, side effects, and subjective valua-
tion of money. There were relatively strong interrelationships 
among the effort measures. In conjunction with findings from 
a companion psychometric article, all the paradigms warrant 
further consideration and development, and 2 show the stron-
gest potential for clinical trial use at this juncture.
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Introduction

Negative symptoms are treatment-refractory features 
of schizophrenia that have long been associated with 
poor functional outcome. Clinical trials of novel drugs 
intended to improve negative symptoms rely primarily, 
and often exclusively, on clinical interview-based out-
come measures. Interview-based measures, however, 
are prone to influences that can complicate assessment, 
such as recall difficulties/biases, unwillingness to disclose, 
poor verbal skills, and lack of insight. Treatment research 
stands to benefit from behavioral paradigms, which could 
provide more objective and sensitive measures of moti-
vational disturbances. A particularly rich foundation for 
such translational research is the extensive preclinical 
literature on effort-based decision making, which opera-
tionalizes motivation as the amount of effort an animal 
is willing to exert for different levels of reward (Young 
J. W. and Markou A.,1 this issue).

The current report is the fourth in a set of articles 
that describes multidisciplinary translational research to 
evaluate the suitabilty of 5 effort-based decision-making 
paradigms for use in clinical trials. A companion article 
(Reddy L. R.  et al,2 this issue) describes the paradigms 
and evaluates patient vs control differences, test-retest 
reliability, utility as repeated measures, and tolerability. 
Because new interventions are intended to ultimately 
improve clinical and/or functional outcomes, it is impor-
tant to examine the external validity of these tasks, par-
ticularly their relations to clinically meaningful measures 
of motivation and functioning.

Eight published studies have evaluated effort-
based decision-making tasks and their correlates in 
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schizophrenia.3 Relations with negative symptoms have 
been examined in all of these studies and the results have 
been inconsistent, with some,4–8 though not all,9–11 find-
ing significant associations. Notably, various analytic 
approaches have been used to examine negative symp-
toms, including treating them as continuous total or sub-
scale (eg, experiential negative symptoms) ratings, and 
subgroup approaches (median splits). Findings have been 
similarly equivocal regarding correlations with commu-
nity functioning/quality of life, neurocognition, other 
psychiatric symptoms, and self-reported motivational/
emotional traits. Additionally, it is difficult to integrate 
findings across studies due to the considerable variabil-
ity in methods and sample sizes, and because no study 
included more than a single effort paradigm.

Other factors could confound links between behavioral 
and clincial measures of negative symptoms, including 
the type of antipsychotic medication and potential group 
differences in the subjective valuation of money (ie, in 
how much monetary rewards are valued9,10). To date, no 
associations have been found across studies for type/dose 
of medication or subjective valuation, although only 2 
studies have considered the latter.

The goal of this article is to characterize the relation-
ship between 5 effort-based paradigms and clinically 
and functionally relevant variables in the largest sample 
of individuals with schizophrenia studied to date. We 
conducted analyses on 4 sets of variables to evaluate: 
(1) Convergent validity: the primary indexes were clini-
cally rated experiential negative symptoms and intrinsic 
motivation; (2) Associations with real world function-
ing; (3) Associations with self-reported traits related to 
motivation; (4) Associations with potential confounds 
that could influence interpretation of results, including 
neurocognition, other clinical/demographic characteris-
tics, antipsychotic medication type and side effects, and 
subjective valuation of money. We also explored interre-
lationships among the 5 effort paradigms.

Methods

Participants

Participant characteristics, recruitment, inclusion/exclu-
sion criteria, and psychometric properties of the effort 
paradigms are described in a companion article (Reddy 
L. R. et al,2 this issue). Briefly, participants included 94 
outpatients with schizophrenia and 40 demographically 
matched healthy controls. Diagnosis was determined 
by the Structured Clinical Interview for Diagnostic 
and Statistical Manual of Mental Disorders, Fourth 
Edition-I and -II.12,13 Effort paradigms were admin-
istered twice (baseline and 4-week retest) with order 
counter-balanced across participants. The 5 paradigms 
took approximately 2½ h to complete and were well 
tolerated. Only data from the baseline assessment were 
used in the current analyses. With the exception of  

1 task (subjective valuation of money index, described 
below), data from healthy controls are not presented here. 
After providing a complete description of the study to 
prospective study participants, written informed consent 
was obtained prior to participation.

Effort-Based Decision-Making Tasks

The 5 paradigms and their theoretical background are 
fully described in a companion article (Reddy L. R. et al,2 
this issue). The computerized paradigms included 1 for 
cognitive effort, 1 for perceptual effort, and 3 for physi-
cal effort, which all involve making a series of choices 
between hard vs easy tasks that involve varying levels of 
monetary reward contingencies. The cognitive task was 
the Deck Choice Effort Task, which assesses willingness 
to perform hard judgments (alternating between judg-
ments of odd/even and >/< 5 on each trial) vs easy judg-
ments (making the same judgment of either odd/even or 
>/< 5 across all trials) for sets of serially presented num-
bers across 3 levels of reward. The perceptual task was 
the Perceptual Effort Task, which involves identifying the 
location of a briefly presented target visual stimulus for 
high-effort tasks (low contrast between target and back-
ground) vs low-effort tasks (high contrast between target 
and background) across 4 levels of reward.

The physical effort tasks included: Grip Effort Task, 
which assesses willingness to make hard hand grips (90% 
of personal maximum) vs easy hand grips (50% of per-
sonal maximum) across 3 levels of reward; Balloon Effort 
Task,5 assessing willingness to perform hard (100 button 
presses) vs easy (10 button presses) tasks to inflate and 
pop a graphically presented balloon across 5 reward lev-
els; and Effort Expenditure for Rewards Task (EEfRT),14 
which assesses willingness to perform hard (larger num-
ber of button presses in a relative short time) vs easy 
(small number of button presses in a relatively long time) 
tasks, this task incorporates 3 different reward levels, as 
well as 2 probability levels.

After examining a variety of potential indices, we 
selected a difference score as the representative index for 
each paradigm (based on psychometric properties; Reddy 
L. R. et al,2 this issue), defined as % hard choices during 
the highest reward condition − % hard choices during the 
lowest reward condition. Higher scores indicate greater 
willingness to exert effort for large vs small rewards. 
Because the EEfRT task also manipulates probability 
level, we calculated a difference score for probability lev-
els (“EEfRT Probability”), which equals % hard choices 
in the high probability condition − % hard choices in the 
low probability condition.

Difference scores create a problem for “inflexible 
responders” who selected either 100% hard tasks across 
all reward levels or 100% easy tasks across all reward lev-
els on each of the effort paradigms (Reddy L. R. et al,2 
this issue). With difference scores, participants who  



1057

External Validity and Correlates

select either all hard or all easy would both be assigned a 
value of “0” (ie, no difference between the highest and the 
lowest reward levels). Because these 2 subgroups of par-
ticipants reflect qualitatively different response profiles 
and willingness to exert effort for rewards, it is a prob-
lem to give these very different subtypes the same value. 
For this reason we removed from analyses participants 
who made only hard selections across all reward levels. 
This removed from analysis subjects who had no room 
to demonstrate increases in effort allocation. Removing 
these inflexible responders resulted in the following sam-
ple sizes: Deck Choice Effort: 78; Perceptual Effort: 82; 
Balloon Effort: 69; Grip Effort: 84; and EEfRT: 85.

Negative Symptoms

Given the current lack of consensus about the optimal 
assessment method for negative symptoms,3 multiple 
interview-based assessments were included. Participants 
received the Clinical Assessment Interview for Negative 
Symptoms (CAINS),15 a recently developed scale that 
includes 2 subscales. The Motivation and Pleasure (MAP) 
subscale includes 9 items based on motivation, interest, and 
emotional experiences, as well as reported engagement in 
relevant social, vocational, and recreational activities, over 
the past week. The Expression (EXP) subscale includes 4 
items based on interviewer ratings of affective and verbal 
expression. Based on the conceptual link between effort-
based decision making and the experiential negative symp-
toms, the CAINS MAP was our primary index.

Two additional measures that have been more widely 
used in clinical trials were also administered. The 
Negative Symptom Assessment (NSA-16)16 contains 
16 items that cover 5 factors: communication, emotion/
affect, social activity, motivation, and psychomotor activ-
ity. The global ratings score was used. The Positive and 
Negative Syndrome Scale (PANSS)17 Negative Symptom 
factor score, which focuses on expressive symptoms, was 
also used.

Motivation

We supplemented our clinical assessment of motivation 
with 3 items from the Intrapsychic Foundations subscale of 
the Quality of Life Scale18: Sense of Purpose, Motivation, 
and Curiosity, which have been described as an index of 
Intrinsic Motivation.19–22 A  mean score was used, with 
higher scores indicating higher levels of motivation.

Community Role Functioning

To assess current functioning (past month), we adminis-
tered the Role Functioning Scale (RFS),23 which includes 
separate ratings for different domains of functioning. 
Ratings were based on a semi-structured interview with 
standardized probe questions. We included ratings for 
Working Productivity, Independent Living, and Social/

Family Relationships. Higher RFS scores indicate better 
functioning.

Self-Reported Traits

Participants completed 2 measures of traits that are con-
ceptually related to negative symptoms and effort-based 
decision making. First, the behavioral inhibition system/
behavioral approach system (BIS/BAS) scale24 is a 24-item 
self-reported measure with 2 subscales that assess the sen-
sitivity of 2 general motivational systems: (1) the BIS scale 
measures a behavioral avoidance (or inhibition) system 
that regulates aversive motivation in which the goal is to 
avoid unpleasant stimuli; (2) the BAS scale (comprised of 
3 subscales) measures a behavioral approach system that 
regulates appetitive motives in which the goal is to move 
toward desired stimuli. Higher scores indicate greater BIS 
and BAS sensitivity. Second, the Defeatist Performance 
Attitude Scale (DPAS)25 is a 15-item self-reported scale 
that measures defeatist attitudes about one’s ability to 
perform goal-directed tasks. Higher total scores indicate 
more severe defeatist performance attitudes.

Neurocognition

Neurocognition was assessed using the MATRICS 
Consensus Cognitive Battery (MCCB).26 Although we 
expected that neurocognition might correlate with perfor-
mance on the effort tasks (see5,27–30 for discussions of the 
relationship between neurocognition and negative symp-
toms) we would be concerned if  the correlations were 
very high (eg, >.60) as this would suggest the effort tasks 
were not assessing a meaningfully different construct. 
The MCCB includes 10 tests to measure 7 domains of 
cognition, including: speed of processing, attention/vigi-
lance, working memory, verbal memory, visual memory, 
reasoning and problem solving, and social cognition. 
Standardized T-scores were computed for each domain, 
correcting for age and gender. The composite score was 
based on the average T-score from each of the domains.

Other Psychiatric Symptoms

Patients were administered the PANSS.17 In addition to 
negative symptoms, we examined the positive, depression/
anxiety, and disorganization subscales. Clinical interview-
ers were trained on all the symptom assessment instru-
ments through the Treatment Unit of the Department 
of Veterans Affairs VISN 22 Mental Illness Research, 
Education, and Clinical Center. Symptom raters were 
trained to a minimum intra-class  correlation coefficient 
(ICC) of .80 on relevant subscales.

Side Effect Ratings

Since antipsychotic-induced motor disturbances are a 
potential confound for effort-based tasks, participants 
were administered the Brief  Clinical Assessment of 



1058

W. P. Horan et al

Movement Disorders,31 a structured extrapyramidal side 
effects assessment of akathisia, rigidity, and tardive dys-
kinesia. Raters received training from an experienced 
research psychiatrist (SRM). Each symptom was rated 
from 0 (none) to 3 (severe) and an overall score was 
calculated.

Subjective Value of Money Index

For subjective valuation of money, participants were 
asked to: “rate how valuable (ie, how important) the fol-
lowing amounts of money are to you” (based on32,33). 
Participants rated 7 monetary amounts (US$ 10, 20, 50, 
100, 200, 500, 1000) on a scale from 0 (not at all valuable) 
to 10 (extremely valuable). The rating for $10 was sub-
tracted from the rating for $1000 to represent subjective 
sensitivity to gradations in monetary value; the lower the 
value, the less the sensitivity (ie, more similar value rat-
ings from highest and lowest amounts).

Statistical Analyses

First, descriptive statistics were computed for each of the 
variables. Second, 4 sets of analyses were conducted to 
evaluate: (1) Convergent validity with the CAINS MAP 
and QLS Intrinsic Motivation scales; (2) Correlations 
with RFS real world functioning scales; (3) Correlations 
with self-reported traits; and (4) Associations with 
potential confounds that could influence interpreta-
tion of results, including neurocognition, other clinical/
demographic characteristics, antipsychotic medication 
type and side effects, and subjective valuation of money. 
Because this was a psychometric and validation study, 
rather than a hypothesis testing study, corrections for 
multiple statistical tests were not used.34 Because several 
of the variables had non-normal distributions, Spearman 
correlation coefficients are reported throughout. Finally, 
we examined the intercorrelations among the 5 effort-
based paradigms and conducted a factor analysis to 
evaluate whether the paradigms reflect indicators of a 
unitary underlying construct vs multiple distinguishable 
constructs.

Results

Descriptive Statistics

Table 1 presents means and SDs for the key variables. This 
outpatient sample was chronically ill and, on average, had 
moderate levels of symptoms. Mean MCCB scores are 
typical for this type of sample. Functioning in the area of 
work was poor, though somewhat better in the areas of 
independent living and family/social networks.

Negative Symptoms

Because there is currently no consensus on the opti-
mal analytic approach to examine relations between 

negative symptoms and performance on effort tasks,3 
we used 3 alternative approaches. First, we used 
a Repeated Measures (RM)-ANCOVA approach 
in which reward level was a within-subject factor, 
CAINS MAP, our primary negative symptom mea-
sure, was included as a covariate, and percent hard 
choices was the dependent variable for each task. 
Second, we used a categorical approach in which par-
ticipants were dichotomized based on a median split 
on CAINS MAP ratings; high (M = 21.8; SD = 5.0) 
vs low (M  =  10.6; SD  =  3.5). Subgroups were then 
compared in RM-ANOVAs with reward level as a 
within-subject factor and percent hard choices was the 
dependent variable. Third, a correlational approach 
was used in which each negative symptom measure 
(CAINS, NSA-16, and PANSS) was correlated with 
the difference score for each effort task.

Table 1. Descriptive Statistics for Schizophrenia Sample (N = 94)

Demographic and Clinical Variables

 Sex (% male) 69%
 Age 49.1 (11.7)
 Education 13.1 (1.8)
 Parental Education 13.5 (2.5)
 Age at first hospitalization 25.6 (9.45)
 Number of hospitalizations 7.6 (8.61)
 Antipsychotic medications
  First generation 12%
  Second generation 84%
  Both types 1%
  None 3%
 Side effects rating [0–3] .13 (.31)
Negative symptoms
 CAINS MAP [0–36] 15.6 (7.0)
 CAINS Expressive [0–16] 4.9 (4.1)
 CAINS total [0–52] 21.0 (9.4)
 NSA-16 Global [1–7] 3.5 (1.3)
 PANSS Negative [7–49] 16.0 (7.0)
Other symptoms
 PANSS Positive [8–56] 18.5 (7.5)
 PANSS Depression [4–28] 7.1 (2.7)
 PANSS Disorganized [7–49] 12.6 (4.6)
Motivation, community functioning and neurocognition
 QLS Intrinsic Motivation [0–6] 2.7 (1.2)
 RFS work [1–7] 2.6 (1.7)
 RFS independent living [1–7] 4.7 (1.6)
 RFS family/social [1–7] 4.5 (1.5)
 MCCB overall composite 31.6 (12.2)
Self-reported traits
 Behavioral Inhibition Scale [7–28] 20.0 (3.94)
 Behavioral Activation Scale [13–52] 39.2 (5.41)
 Defeatist Performance Attitudes Scale [15–105] 51.7 (14.25)

Note: CAINS, Clinical Assessment Interview for Negative 
Symptoms; MAP, Motivation and Pleasure; NSA, Negative 
Symptom Assessment; PANSS, Positive and Negative Syndrome 
Scale; QLS, Quality of Life Scale; RFS, Role Functioning 
Scale; MCCB, MATRICS Consensus Cognitive Battery. The 
range of possible scores is presented in brackets. MCCB Overall 
Composite is based on T-scores.
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ANCOVA Approach

As shown in table 2, the main effect of reward level was sig-
nificant for all tasks, indicating higher frequencies of hard 
choices as reward levels increased, and the main effect of the 
covariate was not significant for all tasks. There were, how-
ever, significant interaction effects for the Balloon Effort 
Task and the EEfRT Probability variable, indicating that 
higher MAP scores were associated with smaller increases 
from low to high reward levels on the Balloon Effort Task 
and with smaller increases from the low to high probability 
conditions on the EEfRT (supplementary figure 1).

Categorical Approach

RM-ANOVA comparisons of high vs low negative symp-
tom subgroups are summarized in table  3. The main 
effect of reward level was again significant for all tasks. 
There was a significant group effect for the Perceptual 
Effort Task, indicating that the High negative symptoms 
subgroup selected hard tasks less frequently than the 
Low negative symptoms subgroup across reward levels 
(figure  1). There was also a trend-level interaction for 
the Balloon Effort Task, which indicated that the High 
negative symptoms subgroup tended to select the more 
difficult response less frequently than the Low negative 
symptoms subgroup at the highest 2 reward levels, though 
the percentage of hard choices were similar across groups 
at lower reward levels (supplementary figure 2).

Correlational Approach

For correlational analyses, EEfRT Probability difference 
scores showed significant, though small, correlations with 

the CAINS MAP (r = −.23, P = .04), CAINS EXP (r = −.22, 
P = .04), CAINS Total (r = −.27, P = .01), and PANSS nega-
tive symptoms (r = −.23, P = .04), as well as a trend-level 
relationship with NSA-16 (r = −.21, P = .06). These correla-
tions indicate that higher negative symptoms were associated 
with less frequent choices of hard tasks at the high vs the low 
probability level. For the Balloon Effort Task, there was a 
significant negative correlation with ratings on CAINS MAP 
(r = −.25, P = .04), indicating that higher negative symptoms 
were associated with less frequent choices of hard tasks at 
high vs low reward levels. Aside from a trend-level associa-
tion between the Perceptual Effort Task and CAINS EXP 
(r = −.21, P = .06), there were no significant or trend level-
associations with negative symptoms for other tasks. Full 
results are presented in supplementary table 1.

Motivation

Results are summarized in table 4. The Quality of Life 
Scale Intrinsic Motivation index showed significant, 
small to medium correlations across all effort tasks with 
only 1 exception, the EEfRT Reward variable.

Community Functioning

Higher scores on the Balloon Effort Task and both EEfRT 
variables were associated with better work functioning, 
and higher scores on the EEfRT Probability variable cor-
related with higher levels of independent living (table 4).

Self-Reported Traits

For the BIS/BAS scales, there was only 1 significant 
correlation. Higher BAS scores correlated with higher 

Table 2. RM-ANCOVA Results Including Negative Symptoms as a Covariate

Main Effect: Reward Level Covariate: Negative Symptoms Interaction

Deck Choice Effort task F(2,150) = 14.73*** F(1,75) =.32 F(2,150) = 1.42
Perceptual Effort task F(3,237) = 9.18*** F(1,79) = 1.05 F(3,237) = .34
Balloon Effort task F(4,264) = 15.61*** F(1,66) = .44 F(4,264) = 3.00*
Grip Strength Effort task F(2,162) = 28.23*** F(1,81) = .01 F(2,162) = .72
EEfRT reward F(2,164) = 14.64*** F(1,82) = .12 F(2,164) = 1.04
EEfRT probability F(1,82) = 16.96*** F(1,82) = .06 F(1,82) = 5.14*

Note: RM, Repeated Measures; EEfRT, Effort Expenditure for Rewards Task.
*P < .05; ***P < .001

Table 3. RM-ANOVA Results Comparing High vs Low Negative Symptoms (CAINS-MAP) Subgroups

Main Effect: Reward Level Main Effect: Group Interaction

Deck Choice Effort task F(2,152) = 48.74*** F(1,75) =.04 F(2,152) = 1.66
Perceptual Effort task F(3,237) = 41.83*** F(1,79) = 4.11* F(3,237) = .19
Balloon Effort task F(4,264) = 34.41*** F(1,66) = .07 F(4,264) = 2.28†

Grip Strength Effort task F(2,164) = 122.93*** F(1,82) = .12 F(2,164) = .16
EEfRT reward F(2,164) = 56.41*** F(1,82) = .12 F(2,164) = .55
EEfRT probability F(1, 82) = 25.45*** F(1,82) = .54 F(1,82) = 1.39

Note: †P < .10; *P < .05; ***P < .001

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv090/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv090/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv090/-/DC1
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difference scores on the Perceptual Effort Task (r = .27, 
P = .02). There were no significant or trend-level associa-
tions with the DPAS.

Neurocognition

All effort tasks showed significant, small to medium cor-
relations with neurocognition on the MCCB, except for 
the Perceptual Effort Task (table  4). Thus, people with 
better cognitive performance were more willing to work 
for higher levels of reward. The neurocognitive subdo-
mains of working memory and speed of processing 
showed the most consistent relations to the effort tasks 
(supplementary table 2).

Other Psychiatric Symptoms

None of  the effort tasks showed significant cor-
relations with ratings on the PANSS positive and 
depression/anxiety subscales. PANSS disorganized 
symptoms showed trend-level correlations only with 
the Perceptual Effort Task and the EEfRT Probability 
(r’s = −.21, P’s = .06).

Clinical and Demographic Variables

There were no significant correlations between effort-
based variables and ratings of side effects, and no sig-
nificant differences on effort-based variables between 
patients taking first- vs second-generation antipsychotics. 
There were no correlations involving age at first hospi-
talization or total hospitalizations, though 1 trend-level 
correlation was found between total hospitalizations and 
the EEfRT Reward variable (r =  .25, P =  .06). Neither 
age nor education significantly correlated with any of 
the effort tasks. There was a significant sex effect only 
for the Grip Effort Task; men (M = 11.0; SD = 6.4) had 
higher difference scores than women (M = 7.3; SD = 7.0), 
t(82) = 2.48, P = .02.

Subjective Valuation of Money

We first compared the patient sample to the matched 
control sample (n = 40; described in Reddy L. R. et al,2 
this issue) on mean scores for $10 (patients: M  =  6.1, 
SD  =  3.0; controls: M  =  5.0, SD  =  2.9) and $1000 
(patients: M = 9.0, SD = 2.0; controls: M = 9.2, SD = 1.5) 

Fig. 1. Percentage of hard choices across reward levels on the Perceptual Effort Task in Low negative symptoms and High negative 
symptoms subgroups.

Table 4. Correlations Between Effort Tasks and Intrinsic Motivation, Functioning, and Neurocognition

QLS Intrinsic 
Motivationa RFS Workb

RFS Independent 
Livinga RFS Family/Sociala MCCB Compositea

Deck Choice Effort task .26* .05 .03 .13 .31**
Perceptual Effort task .25* .14 .05 .07 .16
Balloon Effort task .26* .38** .04 .11 .39**
Grip Strength Effort task .23* .16 .02 -.02 .29**
EEfRT reward .18 .26* .04 .13 .25*
EEfRT probability .34** .26* .30** .19 .29**

Note: aZ-test comparisons (2-tailed) of correlation coefficients revealed no significant differences between paradigms.
bZ-test comparisons (2-tailed) of correlations: Balloon Effort Task > Deck Choice Effort Task.
*P < .05; **P < .01.

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv090/-/DC1
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using RM-ANOVA. There was a significant main effect 
of dollar amount, F(1,132) = 190.03, P < .001, reflect-
ing higher overall valuation of $1000 vs $10, a nonsignifi-
cant group effect (P = .30) and a significant interaction, 
F(1,132) = 6.00, P = .02. The interaction indicated that 
patients valued $10 more than controls while both groups 
assigned similar ratings to $1000.

Among patients, scores on the subjective valuation of 
money index (ie, valuation of $1000–$10) significantly 
and positively correlated with the EEfRT Reward vari-
able (r = .27, P = .01). Thus, patients who showed a larger 
valuation difference between $1000 vs $10 were more 
likely to select difficult tasks for high vs low rewards. 
There were no other significant relationships with effort 
tasks, though trend-level correlations in the same direc-
tion were found for the Deck Choice Effort Task (r = .21, 
P = .06) and the Balloon Effort Task (r = .21, P = .08). 
Finally, correlations with negative symptoms were non-
significant (r = .13 for CAINS MAP; r = −.01 for CAINS 
Expression).

Interrelationships Among Effort Tasks

Intercorrelations are shown in table  5. In general, the 
effort tasks showed significant, medium associations 
with each other, ranging from about .30 to .45. The main 
exception to this pattern was the EEfRT Probability vari-
able, which showed generally nonsignificant and lower 
correlations with the other measures. The pattern was 
similar when analyses were restricted to participants who 
validly completed all paradigms (supplementary table 3).

We examined whether the effort tasks are indicators of 
a common factor or instead relate to multiple underly-
ing factors. The EEfRT Probability variable was excluded 
from these analyses due to its conceptual difference from 
the other variables, which all focused on sensitivity to 
reward. A maximum likelihood factor analysis revealed 
a clear 1-factor solution that explained 53.0% of the 
variance (Scree plot presented in supplementary fig-
ure 3). Factor loadings were uniformly high: Grip Effort 
Task = .76; Deck Effort Task = .74; EEfRT Reward = .66; 
Balloon Effort Task = .55; Perceptual Effort Task = .48; 
and the Goodness-of-fit Test was acceptable, χ2 = 7.48, 
P  =  .19. Thus, the 5 effort tasks appear to reflect a 

relatively cohesive set of indicators of a unitary underly-
ing construct.

Discussion

This study examined the external validity and correlates 
of 5 effort-based decision-making paradigms. The para-
digms showed generally small to medium relationships to 
clinical ratings of negative symptoms, functioning, and 
motivation, though the pattern was more consistent for 
some measures than others. They also showed medium 
relations with neurocognitive functioning, but generally 
small and nonsignificant relations to self-reported traits, 
other psychiatric symptoms, type of antipsychotic medi-
cations, side effects, and subjective valuation of money. 
The paradigms all showed relatively strong relationships 
to a single underlying factor. In conjunction with the 
companion article (Reddy L. R. et al,2 this issue), these 
results provide modest support for the potential useful-
ness of effort-based decision-making paradigms in clini-
cal trials.

Relations to Clinically Rated Negative Symptoms, 
Motivation, and Functioning

Novel interventions are under development that are ulti-
mately intended to improve negative symptoms and their 
associated functional impairments. For the reason, the 
most critical external variables include clinically rated 
negative symptoms, intrinsic motivation, and community 
role functioning.

Regarding negative symptoms, significant associa-
tions were found in the expected direction for the EEfRT, 
Balloon Effort, and Perceptual Effort Tasks. EEfRT 
Probability showed relations with the CAINS MAP scale 
(and other negative symptom scales) using 2 of the ana-
lytic approaches. These findings converge with 2 of the 
3 prior studies using the EEfRT in schizophrenia, which 
found correlations with either clinical ratings of avoli-
tion4 or (at a trend level) total negative symptoms.7 The 
Balloon Effort Task showed associations with CAINS 
MAP assessed both continuously and categorically. 
A prior study with this paradigm found a high negative 
symptom subgroup showed diminished effort expen-
diture compared to healthy controls (though not a low 
negative symptom subgroup) but no correlations with 
continuous ratings.5 The Perceptual Effort Task signifi-
cantly distinguished High vs Low CAINS MAP patients, 
which is interesting since this was the only paradigm that 
did not distinguish patients from controls in our compan-
ion article (Reddy L. R.  et  al,2 this issue). Notably, the 
relations between these effort tasks and negative symp-
toms were generally small in magnitude across negative 
symptom indices.

The most consistent external correlate across the effort 
tasks was clinical ratings of intrinsic motivation. Small to 
medium correlations were found in the expected direction 

Table 5. Intercorrelations Among the 5 Effort Tasks

1 2 3 4 5

1. Deck Choice Effort task —
2. Perceptual Effort task .38** —
3. Balloon Effort task .38** .14 —
4. Grip Strength Effort task .43** .35** .47** —
5. EEfRT reward .42** .46** .48** .34** —
6. EEfRT probability .20 .26* .30* .13 .20

Note: *P < .05; **P < .01.

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv090/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv090/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv090/-/DC1
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for each of the effort tasks (though for the EEfRT task it 
was only the Probability, not the Reward, index). These 
associations with clinically relevant motivational distur-
bances provide some support for the external validity of 
all of the effort paradigms. Clinically rated role function-
ing was related to the EEfRT and Balloon Tasks. EEfRT 
Reward and Probability both correlated with work func-
tion, while Probability also correlated with independent 
living. A  prior study that found performance on a dif-
ferent version of the EEfRT correlated with work and 
community functioning,4 though another found no asso-
ciations with subjective quality of life.10 Performance on 
Balloon Effort also correlated with work functioning. 
There is, thus, some consistency across studies in that dif-
ferent physical effort tasks show associations with work 
functioning.

Overall, the Balloon Effort Task and EEfRT showed 
the broadest patterns of relation to the primary exter-
nal validity measures, though the relations were small to 
medium. In the context of the generally small relation-
ships found in this study, it is worth noting that there may 
be some trade-offs when using neuroscience-based effort 
tasks. There are clear advantages to selecting measures 
whose neural substrates have been extensively studied 
for treatment development. However, there are complex 
intervening steps on the causal pathway between these 
relatively discrete neural processes and clinically rated 
symptoms and outcomes, which would serve to diminish 
direct correlations with external variables.35 One might 
also question the use of clinical ratings of negative symp-
toms as the “gold standard” in these analyses, since these 
ratings do not directly address effort and are subject to 
confounding factors such as memory biases, insight, and 
willingness to disclose.3 It remains to be determined why 
the relations between effort task performance and experi-
ential negative symptoms were smaller than anticipated.

Correlations With Other Variables

We examined a variety of other variables to determine 
the degree to which effort-based tasks correlate with key 
features of schizophrenia. Our interest in neurocognition 
stems from findings that negative symptoms are often 
associated with neurocognitive impairment,36 and the 
proposal that neurocognitive processes may play a role in 
impaired effort-based decision making.5,29 Performance 
on each of the paradigms, except for Perceptual Effort, 
showed medium correlations with neurocognition, 
indicating that they were meaningfully related to neu-
rocognition but clearly not redundant with it. Poorer 
neurocognition was associated with smaller increases in 
effort allocation from lower to higher reward (and prob-
ability) levels. A prior study reported a similar correlation 
with the Balloon Effort Task,5 although 2 studies using 
grip effort tasks did not.9,10 The current results are consis-
tent with proposals that cognitive impairments contribute 

to aberrant decision making by impacting effort compu-
tations and/or difficulty maintaining representations of 
reward value.9,10

Regarding other correlates, performance on the effort 
paradigms was generally not associated with self-reported 
traits related to BIS/BAS sensitivity or defeatist perfor-
mance attitudes, which is consistent with 2 prior stud-
ies.4,10 Second, as in most prior studies,5,6,10 the effort tasks 
were unrelated to other psychiatric symptoms. Third, no 
associations were seen with type of antipsychotic medica-
tions or with extrapyramidal side effects. Although D2 
antagonists can reduce willingness to work for rewards 
in normal rats,37–39 all prior studies have failed to find a 
link between antipsychotic medications and diminished 
willingness to exert effort on decision-making tasks in 
schizophrenia. Fourth, performance was generally unre-
lated to other clinical and demographic characteristics. 
The 1 exception was a sex effect for the Grip Effort task 
indicating that men more frequently chose hard grip tasks 
than women.

This study also considered the impact of subjective 
monetary reward valuation. One might be concerned 
that patients value money differently than healthy indi-
viduals due to the relatively lower socio-economic status 
often associated with clinical samples. Two prior studies 
reported no patient vs control differences in value ratings 
for a single6 or multiple10 amounts of money. We found 
that, although patients and controls reported similar 
valuation for a relatively large amount ($1000), patients 
reported higher valuation of a relatively small amount 
($10). Taken together, these findings of intact or even 
higher valuation of money argue against the possibility 
that diminished effort exertion in schizophrenia is due to 
decreased valuation of monetary rewards. The patients’ 
pattern is consistent with a preclinical model relevant to 
schizophrenia in which mice that over-express striatal 
dopamine D2 receptors demonstrate intact ‘hedonic’ val-
uation of reward yet reduced willingness to expend effort 
for reward.40

Finally, we explored whether the 5 effort paradigms 
reflect a single or multiple underlying constructs. Results 
suggested a unitary construct with each paradigm load-
ing strongly on this dimension. These conceptually 
related paradigms appear to cohesively hang together, 
which supports their convergent validity in schizophre-
nia. Pending replication, this result may have practical 
implications for assessment (eg, a single summary score 
may be appropriate for a battery of effort tasks) and for 
statistical modeling (eg, a single latent trait may load on 
multiple effort-based decision-making tasks).

Additional factors should be considered regarding 
the current findings. First, almost all patients were tak-
ing antipsychotic medications. That said, the clinical 
reality remains that most individuals with schizophre-
nia are on such medications, and all drugs currently 
under development for negative symptoms are intended 
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for use as adjunctive medications. Second, this sam-
ple included a larger proportion of  participants from 
Veterans Administration clinics than prior studies 
of  effort-based tasks and may thus have a relatively 
smaller proportion with poor premorbid functioning, 
who often have the highest levels of  persistent nega-
tive symptoms. Third, this was a chronically ill sample 
and additional studies in recent-onset and unmedi-
cated at-risk samples are needed to clarify the course 
and potential etiological significance of  effort-based 
decision-making impairments. Fourth, our measures 
of  community functioning were based solely on patient 
reports without information from informants, which 
could limit their validity.33

Summary and Conclusion

The current study, along with a handful of  prior stud-
ies, provides converging evidence for the validity and 
potential usefulness of  effort-based decision-making 
tasks for clinical trials in schizophrenia. The perfor-
mance of  the 5 paradigms examined in the current and 
companion articles (Reddy L.  R.  et  al,2 this issue) on 
the criteria for clinical trial outcome measures is sum-
marized in table 6. 

At this juncture, the EEfRT Probability index 
and Balloon Effort Task show the broadest evidence 
for external validity, as well as good discrimination 
between patients vs controls, promising test-retest reli-
ability, and good tolerability. However, these paradigms 
had notable limitations. These tasks had the longest 
administration durations, which raises practical con-
cerns regarding time constraints in clinical trials. They 
are also less “process pure” than the others. For both 
paradigms, hard vs easy tasks differed in effort require-
ments, as well as the associated time intervals between 

choice selection and reward receipt, which involves 
concomitant temporal discounting. Furthermore, the 
EEfRT task also incorporated a probability manipula-
tion, which makes additional computational demands, 
and the Balloon Effort Task had a relatively high pro-
portion of  inflexible responders, which present a prac-
tical obstacle for its ability to show treatment effects 
in clinical trials. Further paradigm development efforts 
could examine whether shorter versions show adequate 
sensitivity, modifications to task parameters can reduce 
the number of  inflexible responders, and equating trial 
length for hard and easy tasks (to address conflation 
with temporal discounting) impacts the performance 
profiles. Overall, these 2 paradigms appear to be com-
paratively further along the pathway to suitability for 
use in clinical trials.

The Grip Effort Task, Deck Selection Task, and 
Perceptual Effort Tasks showed more mixed profiles. 
These tasks showed less consistent external validity, 
though each task significantly correlated with the intrin-
sic motivation index. Furthermore, the Perceptual Effort 
Task was sensitive to high vs low negative symptom lev-
els but did not discriminate between patients vs controls. 
Regarding psychometric properties, these paradigms gen-
erally performed below typical benchmarks for test-retest 
reliability and suitability for use as repeated measures 
(Reddy L.  R.  et  al,2 this issue). However, all 3 showed 
sufficiently promising psychometric properties to war-
rant further consideration, and they have the benefit of 
being relatively brief  and well tolerated. In addition, each 
involves similar time intervals for hard vs easy trials and 
the Grip and Perceptual Effort tasks incorporate indi-
vidual titration procedures, which minimize confounds 
associated with temporal discounting and psychomotor 
slowing, respectively. Thus, these 3 newly developed para-
digms may be useful tools with further development.

Table 6. Criteria for Measures for Use in Clinical Trials

Deck Choice Effort 
Task

Perceptual Effort 
Task

Balloon Effort 
Task

Grip Effort 
Task

EEfRT  
Probability

EEfRT 
Reward

Psychometrics
Patient vs control difference ✓ O ✓ ✓ ✓ X
Test-retest reliability X ✓ X X X ✓
Utility as a repeated measure X X ✓ X ✓ ✓
Feasibility
Tolerability X ✓ ✓ ✓ ✓ ✓
Duration ✓ ✓ O ✓ O O
Inflexible responders X ✓ O ✓ ✓ ✓
Validity
Negative symptoms O ✓ ✓ O ✓ O
Intrinsic motivation X X X X ✓ O
Community functioning O O ✓ O ✓ X

Note: ✓ = acceptable; X = promising; O = poor; benchmarks for psychometrics: test-retest reliability = ICC > .70; utility as a repeated 
measure = d < .20, tolerability > 5.0, duration < 20 min.
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Supplementary Material

Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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